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PREFACE

The investigation described herein was performed for the U. S.

Army Engineer District, Chicago, by the U. S. Army Engineer Waterways

Experiment Station (WES). The work was authorized by DA Form 2544, No.

NCC-IA-80-57, dated 19 March 1980.

The testing program was accomplished under the direction of Mr.

Bryant Mather, Chief of the Structures Laboratory (SL), WES, and Mr.

John M. Scanlon, Jr., Chief of the Concrete Technology Division (CTD),I

SL. The core drilling was conducted by the Geotechnical Laboratory (GL),

WES, under the direction of Mr. Mark A. Vispi. Laboratory work in the

CTD was done with the assistance of Mr. F. S. Stewart and Mrs. Joyce C.

Ahlvin. Mr. R. L. Stowe was Project Leader for the investigation.

Mr. Stowe and Mrs. Ahlvin prepared this report.

Funds for publication of the report were provided from those made

available for operation of the Concrete Technology Information Analysis

Center (CTIAC). This is CTIAC Report No. 52.

Commanders and Directors ot WES during the conduct of the inves-

tigation and the publication of this report were COL N. P. Conover, CE,

and COL T. C. Creel, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)
UNITS OF MEASUREMENT

Inch-pound units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

feet per second 0.3048 metres per second

inches 0.0254 metres

miles (U. S. statute) 1.609347 kilometres

pounds (force) per square inch 0.006894757 megapascals

pounds (mass) per cubic foot 16.01846 kilograms per cubic metre

tons (force) per square foot 0.09576052 megapascals



CONDITION SURVEY OF CEDARS LOCK AND DAM

LOWER FOX RIVER, WISCONSIN

PART I: INTRODUCTION

Project Description

1. The following general description of the Cedars Lock and Dam

is taken from Reference 1.

"The headwaters of the Fox River rise in Columbia
County, Wisconsin, and flow in a Northeasterly di-
rection for about 176 miles into Green Bay. The sec-
tion of the river from Lake Winnebago to Green Bay is
generally referred to as the Lower Fox River and is
39 miles long. It has a change in gradient of about
168 feet; channel widths are generally 500 to 1000 feet
and minimum channel depths are 9.6 feet below Depere
Lock and 6 feet below Menasha Lock. Vpper pool El.
698.66 and lower pool El. 688.88 are referred to mean
water level at Fathers Point, Quebec I.G.L.D. (1955)
(Interntaional Great Lakes Datum)."

2. The Cedars lock is of masonry design and founded directly on

dolomite. It has usable lock dimensions of 35 by 144 ft;* the lift is

9.8 ft at normal river stage.

3. The Cedars dam is of concrete gravity wall design and is keyed

into the dolomite foundation. The dam consists of a 263.3-ft long

spillway on the right side of the dam and a 211.0-ft long spillway on

the left side of the dam. The midsection of the dam is a 180.0-ft long

sluiceway containing seven tainter gates. Crest elevation** of the spill-

way sections is 698.66 (IGLD 1955); for prior datum planes, add 1.75 ft.

Location of Study Area

4. The Cedars Lock and Dam is located approximately 27.5 miles

* A table of factors for converting inch-pound units of measurement to
metric (SI) units is presented on page 3.

** All elevations (el) cited herein are in feet referred to I.G.L.D.
1955 (International Great Lakes Datum).
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from the mouth of the Fox River at Green Bay. The lock and dam is

situated on the river between the towns of Little Chute and Kimberly.

A general plan view of the site is given in Plate 1; this plate is dupli-

cated from Reference 1.

Background

5. In March of 1980 the Waterways Experiment Station (WES) was

requested by the U. S. Army Engineer District, Chicago (NCC for North

Central Division, Chicago), to review a number of documents, References

1,2, and 3, and submit a proposal for a condition survey of Cedars Lock

and Dam. Reference 3 contained a preliminary exploration and testing

program which was used as guidance in developing the WES proposal. The

amount of exploration and testing that could be accomplished was governed

by available funding.

6. After the drilling was initiated, District technical staff in-

creased the number of borings. The added borings were drilled and some

of the funding allocated for laboratory testing and reporting was di-

verted to cover the increased drilling cost. The reasons for increasing

the number of borings was twofold; first, additional foundation informa-

tion would be obtained for developing geologic profiles. Secondly, by

drilling additional borings with the on-site marine floating plant,

crane, etc., cost of mobilization and demobilization would not be in-

curred for a second drilling effort. The bedrock core from these added

borings is preserved at the WES in case further testing is required.

It was decided not to drill the lock masonry for fear of creating leaks

along the mortar joints.

7. Work on this project was initiated by the Chicago District

prior to the 1980 realignment of North Central Division. Work continued

under the direction of the Chicago District although the Detroit District

is now responsible for the geographical area that includes the Lower Fox

River.

5_
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Objective

8. The objectives of this study were to evaluate subsurface condi-

tions, to assess the in-place concrete conditions, to ascertain selected

physical properties of concrete and rock, and to evaluate this informa-

tion in order that design parameters be presented as guidance for a

structural stability analysis. In addition, selected physical properties

of backfill materials are to be determined. The Detroit District is

scheduled to perform the stability analysis.

Scope

9. The report discusses the drilling effort involved in obtainiL,g

samples of soil, concrete, and rock. The physical condition of the in-

place exposed concrete is described using a limited amount of informatioi

Selected physical properties of the core samples were determined using

standard Corps of Engineers test methods. A limited number of borings

were drilled behind the sluiceway dam section for purposes of detecting

possible covered scouring. A study was made to consolidate and evaluate

engineering information, geologic and boring data, and laboratory test

data as they relate to the foundation condition. Available construction

and engineering data records were reviewed.
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PART II: PRELIMINARY STUDY

Review of Records and Draw in._s

10. The author made a visit to the Kaukauna Project Office to re-

view available engineering and construction drawings in the hope of find-

ing foundation information. Very little information was available. Con-

struction drawings, records, and Photographs do not provide much

information about the foundation condition. The drawings and photographs

indicated that the lock and dam was founded on "nearly horizontal lime-

stone rock."

Ii. Right-of-way fly-over photographs of the Lower Fox River were

studied for indications of geologic structures such as joint systems and

faults. The photographs were helpful in showing the plate-like bedding

near the lock and dam. No indications of faulting were detected in the

photographs or on topographic maps of the area. To the Kaukauna Project

Engineer's knowledge, scour profiles had not been taken at Cedars Lock

and Dam; in addition, scour holes behind the dam had not been detected.

Inspection of Lock and Dam

12. The author and Mr. Steve Running of the Liukauna Project Of-

fice made an inspection of the Cedars Lock and Dam site. The main pur-

pose of the inspection was to determine if macroscopic misalignment,

settlement, expansion, or contraction of the concrete and masonry struc-

tures could be detected. The lock backfill was observed for settlement.

The surface condition of the concrete was observed and boring locations

assigned.

Lock chamber walls

13. No misalignment, settlement, or contraction of the masonry

walls was detected. Expansion of the masonry occurred at exposed edges

of some of the rock blocks, the expanded portions of the blocks being

adjacent to block joints. This expansion is not viewed as a problem.
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The top of the lock walls has been resurfaced with concrete and is in

good condition. The lock masonry walls appear structurally sound and

should function for a long time as originally intended. The stairways

at the downstream end of the lock are in poor condition.

Lock embankment

14. The grassed embankment adjacent to both lock walls appears in

good condition. The grassed area between the toe of the embankment

against the riverside lock wall and the river shows a little differential

settlement in the order of 6 to 10 in. The lockmaster said that small

holes occasionally developed in the area and that the ground becomes

spongy to walk on. He did not specify what conditions prevailed when

the ground was spongy. Photographs No. I through 8 (see Appendix A)

show the general condition of the lock walls and the embankment.

Dam, left abutment
wall, and spillway

15. Photographs 9 and 10 show the frost damaged concrete in the

left abutment wall. There was no evidence of misalignment, settlement,

or contraction in the dam sections. Slight expansion of local areas

exists in the concrete due to the results of freezing and thawing action.

Dam, left spillway

16. The concrete in the foot bridge piers appears in good condi-

tion. See Photograph 11.

Dam, sluiceway

17. The condition of the concrete in the sluiceway piers is gen-

erally good (see Photographs 12 through 15). Damage due to freezing and

thawing is confined to local areas. Minor amounts of concrete in the

piers at low pool elevation have been abraded by water and ice action.

Cracking through the piers near the gage hinge piers is present in each

pier. Some piers are cracked through near the steps. The Chicago Dis-

trict conducted an analysis of the cracked concrete piers and determined

that reinforcement within the piers was effective for gate loads; see

Reference 1, Appendix B, page 13.

18. It is suggested that a study be made to determine if the rein-

forcing steel in the sluiceway piers is rusted. Infiltrating water along



the cracks could have caused reinforcement to rust. The concrete from

around the downstream side of the gate hinge pin could be excavated

to examine the reinforcing steel.

Dam, right abutment wall

19. The concrete in the right abutment wall is in good condition.

A diagonal crack exists in the upstream portion of the wall and a near

vertical crack exists in the downstream portion of the wall. The cracks

appear to go through the wall. See Photographs 16 through 18.

20. During the inspection trip a visit was made to a quarry about

1/4 mile from the Lower Fox River. The rock here is believed to belong

to the same formation (Galena-Platteville Dolomite) that exists beneath

the Cedars Lock and Dam. Photographs 21 and 22 give a general and close-

up view, respectively, of the quarry rock. The quarry floor and benches

are bedding planes which are nearly horizontal.

21. Photographs 21 and 22 were taken in the dry dock area at the

Kaukauna Project Office. A gate wall is seen founded on the bedrock.
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PART III: FOUNDATION EXPLORATION

Previous Exploration

22. Presumably borings were taken prior to construction in the

early 1930's. However, no information derived from such borings was

available for review.

Current Drilling

23. Drilling equipment consisted of an Acker Toredo Mark II and a

Sprage and Henwood skid-mounted rotary drill rig. A Diamond Core Drill

Manufacturers Association standard 4-in. by 5-1/2-in. double tube swivel

tube core barrel was used with diamond bits to obtain the concrete and

bedrock core. Access to the drill holes was by a marine floating plant

and for holes on top of structures by crane. Floating plant was supplied

by Kaukauna Project Office. Continuous samples were obtained in all

borings. Appropriate size casing was set in the bedrock when necessary

to keep a boring open. A Concord portable drill rig was used in drilling

horizontal cores.

24. The boring location plan is presented in Plate 2. A summary

of boring information is given in Table 1; presented is the type boring,

the location by structure, the elevation of the top of boring, the eleva-

tion top of rock, the elevation bottom of rock, and the date when the

boring was started. The number of borings and boring locations were de-

termined through mutual agreement by the Chicago District and the WES

technical staff. Specific boring locations at the lock and dam were as-

signed by Mr. Stowe of the WES.

25. Two borings were put through the backfill and into bedrock;

one boring was drilled on either side of the lock walls. Bedrock was

sampled to a depth of 5,1 ft in the landside boring and to a depth of

26.7 ft in the riverside boring. A piezometer was installed in the

riverside boring (C WES EI-80). It was set at el 682.2 (piezometer tip).

Pertinent piezometer data were presented in Plate 3. Piezometer readings

10
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were not taken by the WES drill crew. The deeper borings into bedrock

were carried from 21 to 29 ft deep. The shorter scour borings were taken

about 6 ft into rock.

26. Boring C WES D2-80 was left open while the drill crew remained

on site. Water level readings were taken by the lockmaster for a short

period of time. The water level readings are presented in Table 2.

27. Total footage drilled was 36.0, 68.75, and 157.5 ft, respec-

tively, for soil, concrete, and bedrock. All soil, concrete, and bedrock

was preserved for possible laboratory testing, the exception being the

highly fractured, broken samples. Procedures for preserving and handling

the samples are present in References 4 and 5. Color photographs of the

core are presented in Exhibit A. Field drilling logs are presented in

Appendix B.

28. Core recovery was good in all borings indicating the general

good condition of the materials drilled at the lock and dam sites; core

recovery averaged 98.4 percent. Drilling water loss was very small and

restricted to several locations. In boring D3 at el 681.8 to 682.4 water

loss occurred. This zone was bounded by shale seams with black surface

staining.

Scour Detection

29. Scour borings were located behind the sluiceway dam section.

It was felt that this section of the dam would likely contain covered

scour areas if any exist. The four borings behind the sluiceway section

did not reveal any covered scour areas; no evidence of displaced or re-

cently (postdam construction) disoriented rock blocks was found.

30. Because of the limited number of borings drilled behind the

dam and the fact that scour profiles have not been taken, scouring of

the bedrock behind the dam could exist. It is suggested that scour pro-

files be made. Undercutting of the toe of the dam should likewise be

studied.

11



PART IV: GEOLOGICAL CHARACTERISTICS

Geomorphology

31. Cedars Lock and Dam is located in Outagamie County, Wisconsin,

in the lowland between Green Bay and Lake Winnebago. This geographic

province of Wisconsin is termed the Eastern Ridges and Lowlands and cov-

ers an area of 21,000 square miles, including the 7,500 square miles

under Green Bay and Lake Michigan. It is bounded on the east by the low-

land of Devonian shale now submerged beneath Lake Michigan and on the

north by Green Bay. The western border is found along the contact of

the Cambrian sandstone with the lower Magnesian limestone from the

Menominee River (Marinette County) to the Wisconsin River (Sauk and Colum-

bia Counties). On the south the region is delineated by the terminal

moraine at the edge of the most recent drift sheet and the Rock River

below Jonesville.

32. Once much smaller than at present, the Lower Fox River valley

was carved to its present size by the glacier. The immense ice sheet

advanced southward cutting out the valley of Lake Michigan, while a

tongue cut Green Bay Valley to its present dimensions. A medial moraine,

the Kettle Range, was formed on the peninsula between Green Bay and Lake

Michigan.

33. The retreat of the glacier, coupled with its cutting action,

created a depression at Green Bay. The valley floor rises steeply with

Lake Winnebago being 166.7 ft above Green Bay. This caused the Wolf and

Upper Fox Rivers to change course and flow into the newly formed valley.

Evidence of this can be seen in studies of the ancient shore of Lake

Michigan by tracing red clay deposits. Lake Winnebago formed more re-

cently by the deposition of glacial drift in the valley.

34. The western slope of the Upper Fox River valley is gentle,

while the eastern slope is quite steep. Cliffs on the east are cut

through the Cincinnati shales and Niagara dolomite and extend from Green

Bay south past Lake Winnebago. The bedrock at the dam is the

12



Galena-Platteville dolomite of Ordovician age. All field boring logs

identify bedrock as limestone; subsequent petrographic examination shows

the bedrock to be dolomite.

Backfill

35. The backfill on either side of the lock is considered as con-

struction fill. Profiles of borings El and E2 are presented in Plate 4.

The backfill consists of inorganic clays, gravelly clays, and sandy

clays; beneath these fine-grained soils is a strata (about 2.5 ft) of

coarse-grained soil in the SC group. Beneath the soils is a layer of

dolomite cobbles and boulders mixed with clay. The dolomite bedrock

underlays the fill. The rock symbols used in the profiles in Plate 4

are for limestone; the symbols should be for dolomite.

Bedrock Stratigraphy

36. The bedrock beneath Cedars Lock and Dam is of the Galena-

Platteville formation of the Champlainian series of the Ordovician sys-

tem. This formation is between 120 and 155 ft thick in this area, as

reported by the Wisconsin Geological and Natural History Survey.

37. The dolomite is gray-green, fine to medium grained, dense,

moderately hard to hard, shaley, and fossiliferous in places. Bedding

is massive. Thin shale beds, laminae, and stringers are part of the rock

fabric. The shale is gray-green and quite hard. The shale features

range in thickness from 0.01 ft to 0.08 ft and occur continuously to a

maximum of 0.5-ft separation. The shale occurs parallel to bedding.

38. There appear to be two types of bedding surfaces in the core;

they are designated Types A and B. Type A is irregular with semirounded

peaks and valleys. Peak to valley distances range from 1/4 to 1/2 in.;

periods are about 2 in. Type A surfaces are tightly interlocked and are

the predominant type of bedding surface. Type B is almost planar, yet

gentl) undulating with a few short asperities and steps; Type B bedding

surfaces are interlocked. The thin hard shale is found on both types of

13
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surfaces. A few stylolites exist in the core. Core breaks occur along

the shale features. No soft, weak seams of shale or clay were detected

in the core samples.

39. The dolomite contained infrequent solution cavities up to

0.05-ft diameter. With one exception, the cavities were filled with cal-

cite. The cavities occurred between el 680 and el 684 and el 662 and

el 670. One cavity in core D2 was filled with pyrite (at el 680.6).

Staining appears in four of the cores (D4, D3, D5, El) between el 666

and 667 and in three cores (D2, D3, D4) between el 684 and 685. In core

D5 staining occurs from el 676.0 to 676.81. The staining and solution

activity indicates that water has moved along bedding planes.

Geologic Cross Sections

40. Three geologic cross sections were drawn; sections A-A', B-B',

and C-C' (see Plate 2 for cross section locations). Section A-A' (see

Plates 5, 6, and 7) was drawn parallel to the dam axis and includes

borings D3, D8, D2, D7, and D1. Section B-B' (see Plate 8) was drawn

perpendicular to the lock, and section C-C' (see Plate 9) was drawn per-

pendicular to the dam at about its midlength. Section B-B' contains

borings El and E2, and section C-C' contains borings D4, D2, D6, and D5.

Structure

41. The main structural feature in the bedrock is the nearly hori-

zontal bedding. Hard shale beds, laminae, and stringers occur throughout

the bedrock. However, the shale features are intact and intimately

joined to the dolomite and considered a part of the rock fabric and are

not considered individual troublesome units. There is no geologic fea-

ture within the bedrock that can be traced between borings.

42. The contact between the concrete and the bedrock core is well

bonded except in cores D6 and D2. A complete separation exists in core

D6 with brown calcite deposits on both surfaces. The calcite deposit

indicates solution activity at the concrete-bedrock interface. Shale

14



pieces are embedded in the concrete to a shallow depth. A small amount

of bedrock was probably left during cleanup prior to placing concrete.

Evidence of solution activity is present in boring D2, again at the con-

tact. Solution activity is present in the dam bedrock; however, it is

not considered a problem at this time due to its apparent limited extent.

43. The extent of jointing in the bedrock could not be determined

with the limited work done during this study. A total of four fractures

(joints) were observed in the core. One short (1-ft long) vertical frac-

ture exists in boring D3 at a midpoint el 684.2. Three fractures in-

clined at 45 deg from the horizontal were observed, one each in boring

E2, DI, and D4. Jointing appears not to be a problem at the lock and

dam in terms of stability of the two structures.

15



PART V: TESTS, TEST RESULTS, AND DISCUSSION

Test Specimens and Test Procedures

Cores received

44. Disturbed and undisturbed soil samples were- recovered from the

two backfill borings. The undisturbed samples consist of 14 steel tubes;

the disturbed samples consist of 15 jars and 3 bags. Two boxes contained

core samples. Table 3 describes the drill hole number, sample number,

type sample, sample depth, and the material description of the soil

samples received at the WES.

45. In addition to the soil samples, concrete and rock samples

from 11 borings were received at the WES. Shipment of the materials was

by government motor freight. All samples were received in good condi-

tion, and no sample breakage was detected. Pertinent information con-

cerning the concrete and rock samples is presented in Table 4.

Selection of test specimens

46. Disturbed and undisturbed samples from borings EI-80 and

E2-80 were examined and representative samples were chosen for general

engineering type testing.

41. A detailed visual examination of core was made in the labora-

tory to supplement the field boring logs and to assist in the selection

of representative test specimens. Concrete specimens were selected for

testing based upon physical condition of the concrete and depth in order

to obtain representative properties throughout the structure.

48. Three concrete specimens were selected from boring D2; one

at the top, middle, and bottom of the boring. Test specimen depths

shown in the tables of test results represent the midsection of the test

specimen; e.g., el 696.5 is the midpoirt of a piece of core with top el

being 697.0 and the bottom el being 696.0. Both 6-in. and 4-in.-dtameter

concrete cores were used for testing. Four-inch-diameter rock cores were

tested.

49. An attempt was made to select test specimens to be representa-

tive of the bedrock in close proximity to the base of the structure. The
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test assignment locations can be obtained from appropriate tables of

test results as well as from appropriate geologic cross sections.

50. Test specimens were selected for testing concurrent with the

detailed logging of core; the logging began the day core arrived at the

laboratory. The test specimens were rewrapped and stored in a moist

curing room until time for testing; the moist room is maintained at

73.4 + 3 F (23 + 1.7 C).

Laboratory testing program

51. Soil samples. The testing of the soil samples consisted of

the following.

a. Gradation Curve.

b. Atterberg Limits Testing.

c. Triaxial, R

d. Direct Shear.

52. Concrete cores. The testing program of the concrete cores

consisted of the following tests on representative selected cores.

a. Unit Weight, y .

b. Compression Wave Velocity, V-- p

c. Compressive Strength.

d. Water Content, w

e. Elastic Moduli, E

f. Poisson's Ratio, v

53. Rock cores. The testing of the bedrock cores consisted of

the following tests on representative selected cores. The tests are

grouped under either characterization tests or engineering design tests.

a. Characterization tests.

(1) Effective (As Received) and Dry Unit Weight, ym

and Yd

(2) Water Content, w

(3) Compressive Strength, qu

b. Engineering design tests.

(1) Elastic Moduli, E .

(2) Poisson's Ratio, v

(3) Triaxial Strength.
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(4) Direct Shear Strength.

(a) Concrete on rock, precut (residual).

(b) Intact (maximum).

(c) Rock on rock, precut (residual).

(d) Cross bed (maximum).

Test procedures

54. The soil testing was accomplished according to EM 1110-2-1906,

Laboratory Soils Testing. The characterization properties tests and the

engineering design properties tests were conducted in accordance with the

appropriate test method tabulated below:

Property Test Method

Characterization

Effective Unit Weight (As Received), ym RTM 109-77*
Dry Unit Weight, Yd RTM 109-77
Water Content, w RTM 106-77
Compressional Wave Velocity, Vp RTM 110-77 (ASTM D 2845)
Compressive Strength, q, RTM 111-77 (ASTM D 2938)

Engineering Design

Elastic Modulus, E RTM 201-77 (ASTM D 2148)
Direct Shear Strength RTM 203-77
Poisson's Ratio, v RTM 201-77
Triaxial Strength RTM 202-77

* Reference 5.

55. For the compression and triaxial compression test, the speci-

mens were cut with a diamond-blade saw and the cut surfaces were ground

flat to 0.001 in.; specimens were checked for parallel ends and the per-

pendicularity of ends to the axis of the specimen. Electrical resistance

strain-gages were used for strain measurements. Two each were used in

the axial and horizontal directions. The modulus of elasticity and

Poisson's ratio were computed from the strain measurements. Axial speci-

men load was applied with a 440,000-lbf capacity universal testing ma-

chine. Confining pressure during the triaxial tests was applied using

an electro-hydraulic pump.

18

4i



Soil Properties

56. All of the laboratory test data from soil samples are pre-

sented in Plates 10 through 18. The data consist of the following:

a. Boring El-80.

(1) One Atterberg Limits, classification (sieve analysis).

(2) One R triaxial test.

(3) One direct shear test.

b. Boring E2-80.

(1) Three Atterberg limits, classification (sieve
analysis).

(2) One R triaxial test.

This report does not present an interpretation or recommended design

parameters for the materials in the backfill because of various unknowns.

We don't know what type of slope stability analysis will be used by the

district, where the failure plane will be assumed within the backfill,

and whether the bedrock will be incorporated in the analysis.

Concrete Test Results and Discussion

57. The following comments pertain to the condition of the con-

crete in the dam. These comments are the results of examination of the

core recovered at the dam. The condition of the exposed concrete is dis-

cussed in Part II of this report. The concrete characterization and en-

gineering design test results are presented in Table 5.

58. The concrete recovered from borings is nonair-entrained. It

is light gray-brown, hard, dense, contains natural dolomite aggregate

I in. in maximum size that is rounded to subangular. The concrete con-

tains occasional entrapped air voids from 1/4 to 1/2 in. in size and is

well consolidated. A few gravel pockets occur (honeycombed areas), but

they do not affect the structural integrity of the concrete. Minor

amounts of white reaction products were found throughout the concrete.

The white reaction material probably resulted from alkali-silica reac-

tion and is an alkali carbonate. At this time the concrete is not
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adversely affected by the process producing the white reaction product,

nor will it be in the near future. The concrete in the dam is struc-

turally sound and should serve its intended purpose. The exceptions are

those local areas where frost-damaged concrete exist.

59. The horizontal core recovered from boring DII contains frac-

tures throughout its 3-ft depth. The core was taken from the south side

of sluiceway pier 3 about 1.5 ft downstream of the gate hinge pin. The

factures could have occurred when the through cracks in the pier, near

the gage hinge pin, developed. Some of the fractures are closed while

some are open. The open fractures could be filled with a sealing agent

to prevent water from penetrating the concrete.

60. The author believes that there is no reason to immediately

repair the cracked or frost-damaged concrete in the dam. Repair of

these damaged areas could be performed during regular maintenance periods.

61. The average physical properties of the concrete are tabulated

below along with selected statistics. Stress versus strain curves are

presented in Plate 19 for the three concrete specimens tested:

Average Standard No.
Test Value Deviation Specimens

Wet Unit Weight, pcf 153.4 0.7 3
Water Content, % 5.1 0.2 3
Compressional Wave Velocity, fps 17,240 544 3
Compressive Strength, psi 7,602 1480 3
Modulus of Elasticity, x 106 psi 4.69 0.42 3
Poisson's ratio 0.20 0.06 3

62. The physical properties of the concrete are characteristic of

good quality concrete. The standard deviations are considered small and

indicative of uniform concrete properties.

Rock Test Results and Discussion

63. The results of the characterization properties tests are pre-

sented in Table 4 for the bedrock. Stress versus strain curves are

20
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presented in Plates 20 and 21. The following tabulation presents a sum-

mary of the average characterization properties and selected statistics

for the bedrock.

Average Standard No.
Test Value Deviation Specimens

Effective Unit Weight, pcf 171.1 0.9 6
Dry Unit Weight, pcf 169.9 0.9 6
Water Content, % 0.7 0.2 6
Compressional Wave Velocity, fps 20,040 636 6
Compressive Strength, psi 20,050 2322 6
Modulus of Elasticity, x 106 psi 7.35 1.40 6
Poisson's Rati.o 0.28 0.06 6
Shear Modulus, x 106 psi* 2.87 -- 6

* Calculated using E and v .

64. The tabulated rock properties are reasonable for the high

quality bedrock beneath the Cedars Lock and Dam. The relatively low

standard deviations for the different tests indicate consistency of the

samples tested.

Maximum and residual
shear stress criteria

65. The following discussion of shear stress criteria is taken

from Zeiglar (6) and is followed in this report.

66. Designers are commonly interested in the maximum available

shear strength. The maximum shear stress points are identified as Tmax
in Figure 1. The maximum shear stress usually corresponds to the peak

of the shear stress versus displacement plot (curve a of Figure 1); how-

ever, some confusion may arise where strain-hardening is encountered.

When strain-hardening occurs, an initial peak usually occurs at a rela-

tively small displacement, followed by an increase in shear stress to a

value greater than the initial peak. When this happens, the first peak

is termed the maximum shear stress corresponding to initial failure and

the latter is the ultimate shear stress.

67. If the residual shear strength is to be determined from the

intact specimens, then displacement is continued until the shear stress
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Figure 1. Maximum and residual shear stress,
and displacement failure criteria, after Zeigler.

approaches the horizontal asymtotic value of residual shear stress TR

(curve a of Figure 1). When the zone tested exhibits only a residual

shear strength, curve b of Figure I may be obtained. In such cases, the

maximum shear stress attained is the residual shear strength; precut

specimens exhibit this type of curve. The shear strength obtained from

precut specimens approaches the residual shear strength.

Maximum and residual Eher strengths

68. Two types of direct shear tests were conducted to determine

maximum strength of intact specimens and sliding friction properties of

discontinuous specimens. Maximum strength was measured for intact dolo-

mite parallel to and across bedding planes. Sliding friction properties

were measured for specimens along precut surfaces, including concrete on

rock and rock on rock. The direct shear test results of intact specimens

are presented in Plate 22; shear stress values, load-deformation curves,

and typical normal versus shear deformation curves are presented. The
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direct shear test results from the discontinuous specimens tested as

precut specimens are presented in Plates 23 and 24. Maximum and residual

strength failure envelopes for the intact and discontinuous specimens

are presented in Figure 2.

69. Intact specimens containing the two types of bedding surfaces

were sheared parallel to bedding. The shear stress values obtained on

specimens containing Type A surfaces were extremely high. The shear

strength parameters for the Type A surfaces were = 81 deg and c =

198 tsf. The shear strength parameters for the Type B surfaces are

lower: 4 = 56.2 deg and c = 45.6 tsf. Specimens with both types of

bedding surfaces had good shear breaks. The shear gap between the shear

blocks was 1/16 in. The specimens sheared within this gap or within

+3/16 in. of the gap.

70. Triaxial (TX) tests were performed un the dolomite to compare

the angle of internal friction from TX to the relatively high friction

angles obtained from the direct shear tests on surface Type A. Values

of = 62 deg and a c = 198 tsf were obtained from the TX test re-

sults; see Plate 25. The results from the direct shear tests on the

Type B bedding were judged to be appropriate.

71. Almost all shear failures of the intact specimens tested par-

allel to bedding were by breaking through the hard, thin shale features.

Only a few asperities on the Type A surfaces sheared at the base. None

of the asperities on the Type B bedding surfaces were sheared. As shear

deformation occurred dilation began and one-half of the specimen rode

up over the other. Attempts were not made to determine residual friction

from the intact specimens. Precut rock specimens were used to determine

the residual strength values. The sliding friction values for precut

dolomite are = 29.7 deg and c = 0.

72. The interlocked bedding plane asperities and the inability to

trace continuous bedding plane discontinuities across the site imply

that any large-scale failure would involve substantial shearing of in-

tact rock. Therefore, the residual value is not expected to control

sliding beneath the lock or dam.
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73. After considering (a) the interlocking nature of the bedding

surfaces, (b) the intimate and intact shale-dolomite rock fabric, and

(c) because previously failed seams or indications of past horizontal

movement in the bedrock were not observed, it is thought that peak shear-

ing resistances of the shale features associated with the most nearly

planar bedding surfa es (Type B) would control sliding. These peak

shear strengths are recommended for computing stability, i.e., =

56 deg and c = 45.6 tsf.

74. Cross-bed shear tests were conducted (see Plate 26). The test

results are widely scattered and no failure envelope was determined. It

is suggested that cross-bed shear tests be performed in the future to

determine this shear strength value. However, at this time it is con-

sidered reasonable to use the intact shear strengths for cross-bed shear
7

strengths. Stagg and Zienkiewicz state that:

"When the directions of loading are such that the
potential failure surfaces must cut across the struc-
tural features, the shear strength will approach that
of the intact rock material."

Structural features, as mentioned in the quote from Stagg and Zienkiewicz,

typically include joints, shear zones, and faults. At this site, the

ubiquity of tightly interlocked asperities on the bedding planes justi-

fies their inclusion in the class of "structural features" across which

shear must occur.

Recommended Design Values

75. Design should consider the rock and the bedrock structural

characteristics described herein. Guidance is presented in the follow-

ing tabulation as to proper choice of design parameters:

Rock Property Dolomite

Effective Unit Weight, lb/ft3  171.1
Dry Unit Weight, lb/ft 3  169.9
Compressive Strength, psi 20,050
Shear Strength

Intact, Type B bedding = 56.20

c = 45.6 tsf
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Rock Property Dolomite

Precut, rock on rock *r 29.70
c 0

Precut, concrete on rock *r 27.50
c 0

Cross bedded - 56.20
c 45.6 tsf

Triaxial Strength 0 620
6c 198 tf

Modulus of Elasticity, x 106 psi 7.35

Poisson's Ratio 0.28
Shear Modulus, x 106 psi 2.87

Conclusions and Recommendations

76. Based upon a visual inspection of the lock and dam, core sam-

ples, and laboratory test results, the following conclusions seem warranted:

a. The rock masonry in the lock appears sound and has held up
well in the severe winter conditions; it should continue to
serve its original intended purpose, even though the outside

surface is weathered.

b. The concrete in the lock and dam is locally cracked and
lightly deteriorated. The deterioration is due to cycles
of freezing and thawing. Each tainter gate pier has
cracks adjacent to the hinge pins that go through the
piers. The cause of these cracks is not postulated. The
concrete in the dam is structurally sound and should con-
tinue to serve its originally intended purpose.

c. The lock and dam is founded on competent bedrock which
contains a minimal number of discontinuities. Jointing
is minimal. Shale features occur along irregular bedding
planes; they are thin and considered as part of the rock

fabric, and they should have no effect on sliding stabil-
ity. No soft or otherwise weak zones were detected in

the bedrock.

d. It is our opinion that no significant scour has occurred
behind the dam. Sounding behind the dam should be made
to verify this opinion.

e. We suggest that a study be conducted to ascertain if the
reinforcing steel in the downstream portion of the tainter
gate piers is badly corroded. An area around one of the

hinge pins could be excavated for this purpose.
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Table 2

Water Level Readings

C WES D2-80

Top of Hole
Elev, ft

Upper Pool Lower Pool D2 (706.97) Reading
Time Date -el, ft el, ft el, ft ft

3:30 19 Aug 699.52 689.91 690.37 -16.6

9:25 20 Aug 699.52 690.11 690.63 -16.34

3:30 20 Aug 699.52 690.11 690.62 -16.35

3:00 21 Aug 699.42 690.11 690.00 -16.97

5:00 21 Aug 699.42 690.11 690.33 -16.64

8:30 22 Aug 699.32 690.01 690.27 -16.70

5:25 22 Aug 699.32 690.01 690.27 -16.70

8:25 23 Aug 699.52 690.01 690.37 -16.60

3:30 23 Aug 699.52 690.01 690.25 -16.72

......... ....... 52.0. 169 .2 16 7
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0 12 3 45 6
NORMAL STOESS. a. T/50 FT

j . SPECIMEN NO. 1 2 3
IIIWATER CONTENT. % -. 117.0 15.9 15.8___

DR Y DENSITY
-j L/CP d 14.2 106.21054

IL-2 jSATURATION.%. 3 72271
S 2VOID RATIO %* 0.630 0.599 0.60

W ATER CONTENT. % wt 21.4 19.8 19.1
8"I Lec DRYDNIY Y4. 106.3 110. 112.',__

NSATURATION. % s. 100+± lO 00 l+i-__
___VOIDRATIO .c 0.598 0.537 0-% 50f
_________ IIA 5.4 .0 50

STRESS . T/SQ P IT u 5.04 .04 .04 _ _

SYNCWT XFT1-562.16 2.84

AXIAL STRAIN. 4,. INITIAL DIAMETER. IN. D*1.42 1.40O 1.,42 ___

CONTROLLED- STRAIN TEST IITIAL HEIGHT, IN. 1--13.00 3.00 13.001
DESCRIPTION OP SPECIMENS CLAY (CL), REDDISH BROWN% COARSE SAND

LL P P1 8. YPEoP SPECIMEN UNDISTURBED ITYPE OP TESTR

REMARKS:PROJECT CEDARS LOCK & DAM

0ORING NO. E-1 SAMPLE NO. -

OEPTH/ELEv

LADOWATORY DSEE 1-A 24 JAN 81
SHUET 1 OF 2 JMS TRIAXIAL COMPRESSION TEST REPORT

RO N ro NOS PREIOUS EDITION As@msoWIEtE ThNILUCENT (EM If110-2-19m6)
IwV une olePLATE 14



C ~ ~ ~ EFC IE OLSRS. 0. 3T/,51 PITil 1 1 1 1 1 1 3 i l 1 3 1
3I SPiMEN NO. l2I[.fill III].111...1..

IAIIRCOll ENT.lIII

DYo*IT

I I ICUP IT

II-

0 ATURTION I S

0 2 3OI RA5

1
EATUR CONITENT. II S

4DRY DENSITY
Lo ILCU PT____ ___

63 jATURATION.S Sc

......... VOID RATIO % ,

REIUE T/TP

MINOR PRINCIPAL
STRESS. T/SO PT 

1 0.2 071 120
MAIU 1T)ATO .1 9
T INE TO IF1 u I) NIN I

0. ULTMATE DEVIATIi.

IIAL STRAIN.* INITIAL DIAMETER. IN. r.
CONTROLLED- TEST -, ITIAL HEIGHT. IN. i

DESCRIPT ION oP SPECIMEN~S

LL IFL IF.0 TYPEf OP SPECIMEN ITYPE OP TEST

REMARKS: PROJECT CEDARS LO0CK & DAM

DOMING No. E-1 S-TAMPLE ND. _C

DEPTH/ELEV

LA9ORATOMY USAEWS DOATE 24+ JAN 81.
SHEET 2 OF 2 TRIAXIAL COMPRESSION TEST REPORT

Rwo JmN. 049PEVOUS COITION IS @SftETE TUANUJJI.CENT (EN t 110-2-1906)
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44

o2 4 5
NORMAL STRESS. TSF

0 -TEST NO. I.~ A y 3 x

0 -_.-., WATER CONTENT, 7 i0.5 iO.6 3.9

(r - --- VOIO RATIO 0.89 0.175 0.i76

wZ5TURR'ION. X lOC iOC + 100C,

DRY DENSITY. PCF 141. 142.9 142.7
-10 - VO'l RRAIO AFT

ER CONSOL

FIFTY PERCENT CONSOL. MIN < I < I < I

>iWRTER CONTENT, X 10.9 0.4' 10.1

0 .2 .3 .4 .5 E
IORIZ. DE ORMRTION, IN. VOID RATIO

SATURATION. %

NORMAL STRESS, TSF 1 .0 2.0 3.0

TAN *b MXIMUM SHEAR STRESS. TSF 0 96 1.62 ,2.63

TIME TO FAIL.URE, MIN 664 594 5394

C = RATE OF STRAIN. IN/MIN .0OoL c .0Cl0.0C018

ULTIMATE SHEAR STRESS. TSF

TYPE SPECIMEN UNCISTURBED 1 3.00 IN. SGUARE 0.554 IN. THICK

CLASSIFICATION GRAVEILY SANCY CLAY (CL.J, BROWNISH RED

LL IPL IP1 05 2.59 !EST'

RE."qRKS. PROJECT CEDARS LOC.A & DAM

BORING NO. E-1 SAMPLE G-A

OTH/ELEV OA TL 20 MAR 91

DIRECT SHEAR TEST REPORT

PLATE 16
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0

02 4 68102
NORMAL STRESS. a. T/SO PrT

SPEICIMEN NO.1 2
WATER CONTENT,~ ! 2 2. 21. _2 2__

5 YDNST .105.2 100.6 101.1

~ TUAT0'~S. 90.3 90.9 9.2

4 T1 1111VOID RATIO %** 61 o.8 o .66,

I WATER CONTENT. It 21.2 23. 21.5___
3 DRY OUNS:TITY'd 107.7 105.7 107. 4 _

a ATURATION. St~ 100 100- 100+

2 'L VOI0 RATIO e, 0.577 0.67 0. 5&__~~ 2 6~~d FINAL SACK P ~ 50 .450
PR ESSURE,/SFT u5o4545X

> MINOR PRINCIPAL
STR.S.. TISG PT 1.0_20 _3_~~ 1 MAXIMUM DEVIATO (a, -0~ a i

STIRESS. TSOF TO I .. 2.2J.04 L±7
TIME TO 10, US I, . MIN ~ 3

0 tL-. 1 ULTIMATE DEVIATOR 1I0 - &.1

9O 01"G NO. E-2 SAMPLE N . 2

LAGORATORY USAEWES DATE 26 jA 81
SEET 1 OF 2 J?4S TRIAXIAI. COMPRESSION TEST REPORT

Rov JUNE 1970 AN.CET (M102-0)

PLATE 17
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8lOC 0 " 8

,w 60, . 60..z -

40 .L-,. I : .. ... . . .

0 0.1 0.2 0 10 20

0 + 50-- - '-. - ,- -; -. . , ;r .t '-'' - .r N O F;A L ST R ESS 0 , TSF

.... , /g- LL.Typical ex SHEAR STRENGTH PARAMIETERS
0. - MAXIMUM ULTIMATE

0 0.1 0.2 T 1 20

.SHEAR DEFORMATION, IN. xIO
- ;  0 o C ______ S

Boring No. D2-80 El-80 )DI-80 D2-80 D2-80

TEST NO. Elevation, ft 681.6 684.7 ]685.7 662.2 ]664.4 ___

zI

WET DENSITY. PCF i

WATER CONTENT w% 1

NO2 M AL STRESS TSF 0' o ,

Ir 0 Typical8ex

MA.,MUMSHEAR STES,. I 7 7. 0 47,0 7E. .520

4E TO FAILURE. MINUTES t{ 13.8 11.i3 13.0 .15.0 i,13 8
ULTIMATE SHEAR STRESS. TSF -- , .. .. , -U

INITIAL DIAMETERIN. Do 3.95 3.95 I  3.95 3.95[ 3.9 __

,NITALHEGHT IN.L Ho 5.90 5.85 5.87 5.9 [,5.8

DESCRIPTION OF MATERIALIntact, type B bedding surface, dolomite

REMARKS Rate of strain 0.004 in! PROJECT Cedars Lock & Dam

men. All spec'mens had a brittle Lower Fox River

failure; load noise and rapid de- AREA

crease of shear load to zero at BORING NO.See Test No.I SAM LE NO.

CET 49-6 Tes N

max deformation attained. ELT Se et o ATE March 1980

DIRECT SHEAR TEST REPORT (ROCK)

WES T 1490 EDITION OF JUN 63 IS OBSOLETE
... TPLATE 22
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WET~~~~ DESIY 4C Roc 8 171. 17. 7172____

~t NORMAL STRESSa, TSF a 20 40 1.

MAXSMEAREARTTEESGTHF7PAR.1 1.8 6.

0MXMMULTIMATE SERSRS.TF - . . .

SNTAHEART.N HEO MA IN 5.90 5.9 5.9 0T

DESCRIPTIONet OFMATER.A 153.r4t onrok.pect mTe

RE ERSIY ____________ _ PROJEC Cedar0 Lock3 171a7

NoTE CNo.N Concrete Roc Lowe 5o2 4. iver
1oc 0.580 686.6 6831 RE

NORMAL 692.9S 683. DEPT 4.,2028 12.0

MAeMU of EA stran ES.00 in/m DIEC SHEA TEST REOT.2CK
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APPENDIX A

PHOTOGRAPHS OF LOCK AND DAM
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Photo 3. Taken from downstream gate looking upstream at the
left lockwall. Close up showing good condition of masonry.

Some joint mortar missing

Photo 4. Taken from right downstream bank, showing
portion of downstream wooden gate and downstream

lockwall. Masonry shown in good condition

A3
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Photo 5. Taken from right downstream bank, showing
stairway at end of right lockwall

Photo 6. Taken from right downstream embankment showing
portion of stairway and embankment of right lockwall

A4



Photo 7. Taken from upper right side of lock embank-
ment, showing embankment slope and flat between em-

bankment and river

Photo 8. Taken from upper left bank looking downstream,

showing right approach wall and upper gate

A5
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Photo 9. Taken from left spillway, looking at upstream

portion of left abutment wall. Resurfaced and original

concrete shows evidence of frost damage

Photo 10. Taken from foot
bridge atop of left spill- k
way, looking at downstream
portion of left abutment
wall. Resurfaced and orig- V..
inal concrete shows evi-
dence of frost damage

A6



Photo 11. Taken from left spiliway foot bridge looking

north, pier No. 2, concrete in good condition

-r

------ .....

Photo 12. Taken from left spillway foot bridge, looking
south, north side of sluiceway pier No. 1

A7



Photo 13. Taken from tainter gate pier No. 1, looking at
north side of pier No. 2. Typical cracking through con-

crete pier at gate hinge pin

Photo 14. Taken from tainter gate pier No. 3, looking
at south side of pier No. 2. Crack at gate hinge pin

goes through pier

A8



Photo 15. Taken from tainter gate pier No. 8, looking ar
south side of pier No. 7 showing crack through step of

seventh pier

Photo 16. Taken from right spillway, looking at upstream

portion of right abutment. Wide diagonal crack in con-
crete pier. Right dam abutment adjacent to Kimberly

Clarke property

A9
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Photo 17. Taken from right spillway, looking at downstream
portion of right abutment. Vertical crack to waterline in

concrete pier

x'li-

Photo 18. Taken fror. right spillway, looking at down!!Iream
portion of right abutment and masonry foundation wall of

Kimberly Clarke plant

A10



Photo 19. View of Murphy Concrete Co. Quarry about 1/4-mile
from Kankauna Project Office, left side of Lower Fox River.
The rock in the quarry is believed to be the Galena-

Platteville dolomite. Horizontal bedding evident

Photo 20. Close-up view of JL

qujarry wall

All

Al



Photo 21. View of dry dock area at the Kankauna Projject
Office. Downstream of wooden gate showing masonry con-
struction of wall founded on horizontal rock foundation

Photo 22. View just downstream of Photo 21 showing
tvpical bedding structure of foundIng rock. This
rock formation is believed to exist beneath the

Cedars Dam
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APPENDIX B

DRILLING LOGS

NOTE: All field boring logs identify bedrock as
limestone; subsequent petrographic examination

shows the bedrock to be dolomite.
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In accordance with letter from DAFN-RDC, DAEN-ASI dated

22 July 197', Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced

below.

Stowe, Richard L.
Condition survey of Cedars Lock and Dam Lower Fox

River, Wisconsin / by Richard L. Stowe, Joyce C. Ahlvin
(Structures Laboratory, U.S. Army Engineer Waterways

Experiment Station). -- Vicksburg, Miss. : The Station
Springfield, Va. : available from NTIS, 1982.

89 p. in various pagings, 26 p. of plates ; ill.

27 cm. -- (Miscellaneous paper ; SL-82-4)
Cover title.
"June 1982."
Final report.
"Prepared for U.S. Army Engineer District, Chicago."
Bibliography: p. 27.

1. Cedars Lock and Dam (Wis.) 2. Concrete dams.
3. Dams--Inspection. 4. Locks (Hydraulic engineering).
S. Lower Fox River (Wis.) I. Ahlvin, Joyce C.

I. United States. Army. Corps of Engineers. Chicago
District. II. U.S. Army Engineer Waterways Experiment

Stowe, Richard L.
Condition survey of Cedars Lock and Dam : ... 1982.

(Card 2)

Station. Structures Laboratory. Ill. Title
IV. Series: Miscellaneous paper (U.S. Army Engineer
Waterways Experiment Station) ; SL-82-4.
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